Introduction

25
The general experience that a picture is worth a thousand words also holds in the 26 field of systems biology. The vast amount of image data which is generated by 27 microscopy experiments of biological processes represents a firm data basis that 28 contains important information on spatio-temporal aspects of these processes.
29
One issue that is studied is to determine the biocompatibility or biotoxicity that they are easy to grow in vitro. [1] 40 To achieve the highest fidelity, it is necessary to choose the least invasive 
Methods
84
Before we start with the method description we must mention basic assumption 85 on which our method stands. We process a series of time-lapse images and assume 
93
These five assumptions are necessary for a correct functionality of our method.
94
Assumptions (1) and (3) cise. Assumptions that we made are usually fulfilled or they can be guaranteed 97 using proper experimental setting.
98
Our method consists of several steps that we group into three phases -pre- (segmentation) and the correction phase improves segmentation using several heuristics (see Fig. 2 ).
104
Preprocessing
105
Images from the phase contrast microscope have poor contrast between cell 106 and background regions and thus simple segmentation methods cannot be used.
107
However, if we take the absolute value of differences of two consecutive images, and it is more probable to obtain higher differences between consecutive images 113 in those areas.
114
The result of this step is a texture-like image that consists of regions with very 
129
The last step in the preprocessing phase is thresholding. We assume that 130 coverage in the current image will be about the same as in the previous image 131 and we use this information to set a threshold value. When coverage in previous 132 images was C %, in this step we set the threshold value as the C-th quantile of 133 image histogram. Thus C % of pixel with the highest values will become white 134 and rest (100 − C) % black. Thus we increase contrast between regions that we 135 want separate (see Fig. 2 ).
136
When the assumption about moderately changing coverage is not fulfilled, 137 this step of the algorithm can lead to underestimated coverage increase/shrinkage.
138
To our knowledge this assumption is fulfilled whenever frame rate is high enough. 
153
It depends on microscope magnification and should be set from quarter to half 154 of the smallest cell's diameter. This step can be omitted when necessary and the 155 effect can be compensated in the correction phase. We omit this step for exam-156 ple when we want to detect thin tentacles, which connect some cells together 157 (see Fig. 1 ). Excessive blurring can erase traces of tentacles, which may not be 158 desired.
159
After blurring, we apply modified Otsu thresholding. The original Otsu thresh-160 olding automatically chooses a threshold value using only the image histogram.
161
The threshold value is set to maximize the separability of resulting two (back- 
Results
208
The main purpose of our method is to substitute the manual labeling of images 209 by automated one. Therefore we adopt criteria of biologist to measure the quality ICIAP 2013 CONFIDENTIAL REVIEW COPY. DO NOT DISTRIBUTE. of segmentation. To evaluate the quality of the segmentation we use manually 211 segmented images and we take them as ground truth.
212
When we determine the biotoxicity of materials we must correctly treat dead 213 cells. Cells which didn't survive in the tested environment usually look similar 214 to live ones but they didn't move, especially we don't see any movement inside 215 the cells. In our evaluation we will consider the dead cells as the background.
216
Manual processing of images is a very tedious and time-consuming process.
217
Results depend on the thoroughness of a human operator and could be biased 
Tested Images
231
To evaluate the quality of our algorithm we used 70 images in total. Microscopes 232 used to capture the images were Nikon Biostation a Olympus X51S8F-3. We 
242
To compare manual labeling with automated one we used precision (P), recall 243 (R) and F1 statistics defined as: The algorithm was implemented in Matlab using various built-in functions.
257
The CPU timing (using Dual core 2.30 GHz) for segmentation of single frame 
265
We also applied to all tested images the method present in the TimeLapseAn- In case of HeLa cells our method was about as accurate as manual labeling. This 273 qualifies our method as a good candidate to substitute manual labeling.
274
The numerical values from our evaluation cannot be compared with the re-275 sults in the literature. As can be seen, the accuracy depends heavily on the type Our algorithm can be used beyond system biology. It can be used to any time- scopes. Due to its speed it may be also suitable as a preprocessing step for some 288 level-set methods.
289
We performed the analysis of the manual labeling and its precision. We com-290 pared the precision of our algorithm with manual one and realized that our 291 algorithm can sometimes label cell similarly well as the human operator. Evalu-292 ation shows that our algorithm can be a good substitute for manual labeling.
293
The algorithm was implemented in Matlab and it is available on request from 
